Tests of reinforced concrete column footings by Farnum, William Howard & Palmer, Cyrus Edmund
TESTS OF REINFORCED CONCRETE COLUMN FOOTINGS
BY
WILLIAM HOWARD FARNUM 
AND
CYRUS EDMUND PALMER
T H E S I S
FOR THE
DEGREE OF BACHELOR OF SCIENCE
IN
ARCHITECTURAL ENGINEERING
COLLEGE OF ENGINEERING
UNIVERSITY OF ILLINOIS
1912
UNIVERSITY OF ILLINOIS
June 1, i9i2
THIS IS TO CERTIFY THAT THE THESIS PREPARED UNDER MY SUPERVISION BY
........... W ILLIAM . HOWARD FAHNUM.....a n d  CYRUS E D O T D  PALMER
ENTITLED TE ST S OP REIIIFORCEI) CONCRETE COLUMK F O O T IIffS
IS APPROVED BY ME AS FULFILLING THIS PART OF THE REQUIREMENTS FOR THE 
DEGREE OF B a c k e l o r  o f  S c i e n o e  i n  A r c h i t e c t u r a l  E n g i n e e r i n g
Instructor in Charge
APPROVED:
HEAD OF DEPARTMENT
247335
INDEX
Subject Page
Introduction--------- --------------- - ------- \
Theory----------------—  -------------------- 4
' VTest Pieces and Method----- — --------------- 19
Complete Summary_____ ■-_______ _ _____ _________29
Discussion of Tests--------- — —  ------------ 32
Specimen Diagrams--------     44
Photographs---------------------------------- --
Graphs-----------------   PO
Conclusions--------      go
1INTRODUCTION.
The principles involved in modern Reinforced Concrete Construct­
ion are hut a natural adaptation of very old practices to the 
building materials of the present day.
The field of adaptability of reinforced concrete has widened 
almost without limit and with ever growing usefulness, there has 
been an increasing demand for more exact knowledge as to its proper 
use in any given field.
i
Early in the course of developement, reinforced concrete was 
used by engineers for column footings. Lack of knowledge of the 
principles involved in the action of such footings under loads, 
has rendered their design more or less vague from an analytical 
standpoint and quite unreliable from the standpoint of economy.
An experimental investigation of reinforced concrete column 
footings, beginning in 1909, has been carried on under the directior 
of Professor Talbot of the University of Illinois Engineering 
Experiment Station.
The investigation has resulted in valuable information along 
the following lines
1. The position of the critical sections.
2. The best ratio of the depth of footing to the length of side.
3. The value of the resisting moment.
4. The width of the footing that can be safely assumed to resist 
the bending moment.
5. The advantages and disadvantages of various kinds and various 
manners of distribution of reinforcement.
The results of various portions of these investigations have 
been reported in the bachelor theses of the following men:-
Messrs. Hill and Zahrobsky, in 1909, tested 32 footings; 20 
were reinforced and 6 were plain. The footings varied from 6 to 
18 inches in depth and the reinforcement varied as to kind, dis­
tribution and amount. Messrs. Harris and Richards, in 1910, 
tested 28 footings; 20 were reinforced and 8 were plain. These 
footings varied in depth, also in kind, distribution., and amount 
of reinforcement as did those of the preceding year. Messrs. Kent 
and Math, in 1911, tested 20 footings; 18 were reinforced and 2 
were plain. The depth of these footings was constant, ten inches 
to the center of gravity of the steel and twelve inches over all. 
The reinforcement was varied however, in amount, kind, and distri­
bution.
The results of the fourth series of tests is embodied in the 
main portion of this thesis. The object of this series is to show 
as far as possible, the advantages and disadvantages of various 
methods of anchoring and of distributing the reinforcement, and, 
to determine as far as possible,the relation between these vari­
ations and the resulting strength.
In this series there were 14 footings, all reinforced with the 
same percentage of steel. Eight of the footings were equipped 
with auxiliary rods embedded about six inches i^ the concrete 
and projecting about six inches directly over the ends of certain 
reinforcing rods. They were so placed in order to effect a means 
of connection for an apparatus designed to measure the slip in 
the reinforcing rods. The detailed description of this slip 
measuring device is found on page25 .
Thruout the progress and study of this series of tests, much 
valuable information and guidance has been obtained from these 
theses, mentioned above and also from the manuscript of a bulletin
on reinforced concrete footings, which ie in the course of prepar 
ation by Professor Talbot.
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THEORY.
In column footings, such as are under consideration in this 
thesis, the load is considered to he applied directly to the foot­
ing thru the column at the center of the footing. The reaction, 
then will he the upward pressure of the soil or hearing surface 
and is considered as uniformly distributed over the bottom surface
of the footing. The uhiforra load per unit area will therefore he
equal to the total load applied to the pier divided by the area
of the footing. Let P= load on the pier, then the uniform soil
pressure or uniform load on the bottom of the footing resisting
the load P will he, from Pig. 1 ^  = — — — — ~
C (a+2.ef
Pig. 1.
It is seen therefore, that the case resolves itself into that 
of a slab supported at its center. It makes this condition more 
evident to consider the entire footing as inverted, the load be­
coming the reaction.
The projecting portions of the footing, e e, under load, tend 
to act somewhat like cantilever beams with supports at the face 
of the pier.
Various methods of calculating the strength of column footings 
have been proposed. The portions of the footings outside of the 
pier have in some instances been considered as cantilever beams 
of a span equal to half the breadth of the footing, portion, ABCD, 
Pig.2a,and the load coming to the entire projecting strip assumed 
to be carried in one direction.
AEFG in the same figui’e, would under this consideration be a 
beam normal to the direction, of ABCD.
It is seen from Fig.2a, that the load at the corners, such as 
ABPE, is considered twice, the error however is not great when the 
offsot is small in comparison with the dimensions of the pier. In 
the footings considered in this series of tests, the error would 
be large, as the areas of the four corners, which would be counted 
twice, are equal to .67 of the entire projecting area.
A common method of design, is to consider one fourth of the
6load as coming on the triangular area MP’N, Pig. 2b, and the
position of the center of pressure is taken at the centroid of this
a+2<zarea or at a distance — from the center of the footing, or
roB1 the ^ace the pier, if the trapezoidal area MTWN 
is considered as the loaded portion.
The critical section for moment is considered by some to be at 
the center HK, Fig. 2b, and by others is considered to be at RS, 
Pig. 2b, along the face of the pier. The bending moment, then,in 
the first consideration,will be the product of the portion of the 
load coming to the triangular area and the distance of the center 
of pressure from HK. In the second consideration, the bending 
moment will be the product of the portion of the load coming to
the trapezoidal area and the distance of the center of pressure 
of the area from RS.
The expression for the bending moment from the first consider­
ation is:-
g  - £ * * * ) ] ' -
- P * 2 e
/a
The expression for the bending moment from the second consider­
ation is :-
6P v Mi  ^3 ae +4ez) - -E (s 3a e <4-<zz\23 & ( a + <z *5 ( &+ <z
Where P = total load applied to the pier.
The difficulty arising from either of these assumptions lies,
however in the fact that the case in hand is different in that the 
loads are not carried by simple beam action.
Another method of design, very similar to the preceding methods 
is to assume the critical section to be along the face of the pier 
and that the reaction of the soil, tending to break the concrete 
along this line, acts upon the area ABC’D ’, Pig. 3.
7Fig. 3.
The bending moment on the projecting portion ia equal to the 
moment of the pressure on the soil beneath, acting thru a lever 
arm equal to the distance of the centroid of the trapezoid, AEC’D ’, 
from the the plane along the face of the pier. When the footing 
ia square in plan, as is the case of the footings in this series 
of tests, the pressure on the portion ABCD, is considered as the 
total pressure on the portion, ABC'D*. A formula applied to the 
particular footings considered herein is, according to the as­
sumption, as follows:-
m  - ZB v i faa<z+2.e2\ _
11 S 3\zcr+2ey /s \Za+2<z )'
The effective width in the above method of procedure is taken 
as the width of the pier, directly beneath the pier and parallel 
to the faces of the footing.
In the investigations carried on under the direction of Prof. 
Talbot, however, it was found that the effective width can reason­
ably be taken as greater than the width of the pier. It is 
evident, however, that in any case, the effective width will vary
with the
size of the pier, thickness of the footing, amount of projection 
and the amount and distribution of the reinforcement.
Before taking up the discussion of the analysis of the bending 
moment and the effective width, as is made by Professor Talbot, a 
brief discussion of the action of footings under load is expedient.
The footing is considered as being composed of two series of 
beams at right angles to each other and parallel to the faces of 
the footing. The total load over the entire footing, will be taken, 
half by one set of beams and half by the other set of beams. The 
load coming to any elementary area on the diagonal line from the 
corner of the pier to the corner of the footing, such as AP, Pig,4. 
will be distributed equally to such beams, half to each set.
y
The load on an element directly on the center lines XX and YY 
will be carried by the set of beams in the direction of the given 
center line. The distribution of the load on any element between 
these points of known distribution, involves a study of the 
deflection and shear thruout the elementary areas. It is certain,
9
however, that one half of the aura of all the loads on these out­
lying elements is taken in some manner, by one set of beams, while 
the other half goes in the opposite direction.
In actual tests performed in previous years, a study was made 
of deflection curves to determine the distribution of the load to 
the two sets of assumed beams. The conclusions drawn from these 
tests are given in the manuscript bulletin before mentioned. The
analysis, however, has not as yet been published. On account of 
the complexities arising from certain conditions, as yet undeter­
mined, and because the problem involves a deep and careful study 
which would be beyond treatment in this brief discussion of the 
theory of footings, it is sufficient then, as far as the problems 
presenting themselves in this thesis,are concerned, to accept the 
fact stated above, that the entire reacting pressure is taken,half 
by the reinforcement and beams in one direction, and half by the 
reinforcement and beams in the other direction.
An analysis based on the results of these tests, goes to show 
that the pressure on the shaded corner square, Pig . 4 , affects the 
bending moments of the north and south beams the same as if one 
half the load on this corner were placed at a point .58 of the 
offset from the face of the pier.
The question which now arises, is the determination of the 
position of the critical section to be used in determining the 
maximum moment.
Fig.5.
Consider the footing inverted and the load applied as in the 
actual tests, that is thru a hearing plate, giving uniform dis­
tribution of the load to the pier. If the case were that of a 
simple cantilever beam, the maximum vertical shear would come at 
the face of the pier, F in Fig. 5 .
Under this consideration, it is evident that the vertical 
shear for any section to the left of the face of the pier, F in 
Fig. 5 , will be less than that at the lace of the pier by an 
amount equal to the uniform load upon the portion which is included 
to the right of the section.
The case, however is not that of a simple cantilever. From the 
discussion of Fig. 2a ,it was seen that part of the load on the 
corner squares was carried by the series of beams perpendicular to 
the beams in the direction under consideration. Therefore the 
critical section would be as shown in Fig. 6 , section AB.
However a study of actual tests, shows that a section directly 
along the face of the pier, CD, is fairly representative and can 
without serious error, be considered the critical section.
The derivation of the formula for the maximum moment will then
11
be as follows:-
/ V f) +B@-f)h*G-f)*&(£-§Bar
= [ j ( l - a) a Z-a)+j.6 l-afx§0(z-a)jcu- 
- \ j ( l - a f a  +^0 (l~ a f jc o -  
*5/nee £ =  a-\-2e j by substitution m above 
AJ ==\ i (  a + 2 e -a f  x a + jj!0 (a  + 2 e -a )5J c v
- & ( * * * )  + 4 o ( S e 5) J ° S
In deriving the above formula, the distance from the face of the 
pier to the application point of the resultant pressure, which has 
been given as .58, is taken as .6 , for convenience,_________
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In calculations for design, some determinate width must “be 
taken as being effective in resisting flexure due to the load on 
the footing.
A study of lateral distribution of loads and lateral deflection 
curves of wide beams, which approximate closely the case at hand, 
showB that the reinforcement at a distance to either side of the 
pier equal to the depth of the reinforcement from the upper surface 
of the footing, must have nearly the same stress as that beneath 
the pier. This then, gives some reasonable data upon which the 
assumptions as to the effective width of the footings can be based.
From the results of investigations made in previous years on 
the particular type of footings considered in this thesis, the 
width that could be in reason safely assumed as effective is, the 
width of the pier plus twice the depth to the reinforcement, plus 
one half the remainder of the footing. Expressed as a formula the 
effective width is:-
b = a + 2d +-£ (
Under this assumption, the reinforcement lying within the as­
sumed width is considered to develop a stress which is sufficient 
to enable a beam of the depth of the footing to resist the bending 
moment as calculated.
If however, the formula given above for the effective width 
gives a greater width than that of the footing, then the full 
width of the footing should be used.
When the greater part of the reinforcement lies in the outer
portions of the footing, as was the case in some of the footings
tested in this series, the calculated stress in the steel from
the above assumption as to the effective width, would be very 
excessive. ___
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In this case the extent of the effective width is a matter which 
must he determined by judgment and experience.
Hence, if the cross section of the reinforcement within this 
width is A, the resisting moment will be Af x jd, where f is the 
stress developed in the steel.
The reinforcement outside of the width as assumed, is considered ; 
only as carrying load to the beams in the other direction. Even 
tho the effective width does not include the outer strips, these 
should have reinforcement to assist the slab in carrying the load 
to the beams at right angles to them passing under the pier.
On account of the complication arising from the fact that the 
footing under load is dished, or subjected to a curvature in both 
directions, a rational analysis of the stresses would involve a 
determinate expression for the deflection at every point and also 
the radius of curvature in each direction. A further complication 
would also arise from the fact that this phenomenon would also 
develop a series of combined stresses.
In view of the complexity of these problems it seems an imposs­
ibility to derive rational formulas for stresses in column footings,
In measuring the resistance to diagonal tension, the method 
used in the case of wall footings, is followed. Diagonal tension 
failures in previous tests as well as in the tests of the present 
series of footings, formed fractures at an angle of 45 degrees 
with the vertical, extending outward and downward from the base of 
the pier to the reinforcement.
The fractured surfaces bounded by the cracks, formed a frustum 
of a pyramid, the area of the lower base being equal to (a  +2d 
Fig. 8 .
L
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Fig. 8 .
The vertical shear used in the determination of the diagonal 
tension, is that shear on a vertical section enveloping the peri­
meter of the base of the frustum. The shear per unit area will 
then be:-
R 2- ( a+ZdfJaL.
4  * (a + 2 d)xjd
Where w is the uniform resisting pressure per unit area.
The expression [l2—  (a CW equals the total
vertical shear at the section.
In determining the bond stresses, the vertical shear at the face 
of the pier is determined.
Y - i(V - a
~ 4 R a +2ef
=  4  (a1 +■ 4 oe + 4 e s -  a z) ar
( a e  + e ‘)ar  (14>
Where w is the unit resisting pressure of the soil.
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The bond stress in a certain length depends upon the change in
the tensile stress in the bar within the same length. In the dis­
tance dx, the change in the bending moment is dM. The unit rate of
ofdf _ d M  7-change will therefore b e ^ ^  = y, according to the prin­
ciples of mechanics. For equilibrium, the bending moment equals 
the resisting moment, which is Af xjdThen, by differentiating^-
dM  =  A id '  *  d f
and by substitution,-
A j d  x d f  —  
A d f
Y dx
or
dx J d
The first member of the equation is the change in tensile stress 
per unit of length. When the concrete and steel are in contact a 
bond stress per unit length must occur which is equal to this
r
change of tensile stress. 
Therefore HI O (J
J
V  
” d '
and
< /  - m o  j d
Where A = area of steel.
f = tension in steel. 
d*= depth of footing, 
jd'= effective depth of footing. 
V = vertical shear, 
m = number of rods, 
o = periphery of rods.
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From the preceeding discussion, it is evident that the bond 
stress developed varies directly as the vertical shear at the 
section under consideration.
Therefore, in order to calculate the maximum bond stress, the 
section of maximum shear must be determined and the shear for that 
section computed. The calculations on pages29to3l in this thesis, 
are based upon the theory given in the bulletin manuscript mention­
ed in preceeding discussions.
The section recommended to be used in determining the vertical 
shear, upon which to base the calculations of bond stress, is the 
same as was used in computing the maximum bending moment, for the 
section at the face of the pier.
After considering the possible action which takes place in the 
type of footings under discussion, another section at which the 
vertical shear is closely related to the bond stress, presents 
itself. This section is the section for which the vertical shear 
was computed in determining the diagonal tension stress. The reason 
for offering this section for consideration arises from the pro­
bable distribution of the load which is transmitted to the footing 
thru the pier.
Experiments have been performed in the past to show the direct­
ion of the lines of stress produced when a load has uniform bear­
ing upon an aggregate mass. In these experiments, loads were 
applied, thru a uniform bearing surface to a confined bed of sand. 
The particles of sand beneath the bearing surface were, upon the 
application of load, shown to arrange themselves in noticeable 
line like formations. The lines thus formed sloped approximately 
at an angle of 45 degrees with the vertical, from the edge of the
bearing surface, outward and downward. anc/- ^  of I £xf>. 5/a. 1
Nine out of the fourteen footings tested in this series, 
showed very distinctly, after failure, that the portion of the 
footing beneath the pier had broken away from the outer portions 
of the footing, forming approximately a frustum of a pyramid, 
the upper perimeter of which was coincident with the perimeter 
of the pier, Pig. 8 .
From the results of the experiment just described, and the 
results observed in the tests which were made upon the footings 
discussed in this thesis, it seems reasonable to assume that the 
load applied to the pier is transmitted to the footing thru a 
volume beneath the pier which is approximately that of the frustum 
of a pyramid, the upper base of which coincides with the lower 
base of the pier and slopes outward at an angle of 45 degrees, 
and extends downward to the plane of the reinforcement, Fig. 8 ,
page 14 . There was no question then, as to the logical section 
to choose in computing the shears from which to.the diagonal 
tension stresses.
Since the load can with reason, be assumed as distributed in 
it's transmission, in the manner described above, the critical 
bond stress might be expected to occur at or near the perimeter 
of the lower base of the frustum of load distribution.
It follows then, that the bond stress at this section deserves 
investigation. In the summary on pages 29 to31 , the computed bond 
stresses are given for both the section at the face of the pier, 
and the vertical section enveloping the perimeter of the lower 
base of the frustum of load distribution. The total shear V in 
formula 14, for the section at the face of the pier was taken as 
the total upward pressure on the area ADEF, Fig . 8 , page 14 , and
for the section enveloping the lower perimeter of the base of the
17
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frustum, the total shear was taken as the total upward pressure 
on the area,ABCD, Fig, 8 , page 14 .
To determine the unit shearing stress at either of these 
sections would he a very complex problem, as the shear varies 
thruout the sections. For comparison however, the shear is con­
sidered uniform and the unit shear computed,assuming that it acts 
in both cases over an area equal to (a+2d) x jd.
The results are recorded in the summary as follows 
V= The unit shear acting on the section coincident with the 
face of the pier, of a length ( a + 2d) and a depth jd.
V'= The unit shear acting on the vertical section, at a distance 
"d" from the face of the pier,of the same length and depth 
used in determining V.
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TEST PIECES AND METHOD OP TESTING.
The test specimens of this particular series of footings were 
of uniform size, mixture, and amount of reinforcement. The general 
dimensions are shown in Pig.1 0 .
The footings were five feet square, of a 1-2-4 mixture, with a 
one foot cube of concrete of a richer mixture, bonded and anchored 
at the center of the footing. The depth to the center of gravity 
of the steel was ten inches in each case and the overall depth 
was twelve inches.
o
v'
»0
&0Ic\: . i'~o\ 2'-o"<---- --- >
Fig. 10.
In view of the fact that when a footing is loaded in actual 
practice, the upward pressure of the soil is approximately,uniform­
ly distributed over the bottom of the footing, the idea of testing 
the footings on a bed of springs, suggested itself. One hundred 
and sixty one springs were uniformly distributed under each footing 
tested.
It is a self evident fact that a column footing under load and 
subjected to a deflection in two directions, will curve upward 
more at the outer edges than at the center, as the central portion 
about the pier is deflected downward. Therefore, if the footings 
had been tested upon a flat bearing surface, the outside edges 
would under load, be bearing a great deal less than the portion 
near the center, upon the testing base. However, with springs 
between the bottom of the footing and the bearing surface of the! 
testing machine, the reacting pressure is nearly uniformly dis­
tributed.
The springs were made of 3/8 inch round steel, wound in coils 
of uniform diameter, and ranged in height from 11 7/8 to 12 l/4 
inches. On account of the variations in height, it was decided 
to separate the springs into groups according to their length, 
differentiating to the nearest eighth of an inch. The tallest 
springs were then placed in the outer courses and the shortest 
springs in the central group with as nearly a uniform arrangement 
as possible ,between these two extremes. Fig.ll^hows the manner 
in which the springs were arranged. The numbers appearing in the 
spaces represent the position of the springs and also the relative j 
lengths. No.5. = 12 l/4” spring.
No.4. = 12 l/8" spring.
No.3. = 12” spring.
No.2 . = 1 1 7/8" spring.
2 0
21
£ S 5 £ 5 5 5 5
5 4 4 4 4 4 3 4 4 4 4 4 £
S 4 4 4 4 4 4 4 4 s
-4 4 3 3 3 3 3 3 3 4 4
3 4 4 3 3 3 3 3 3 4 4 5
4 3 3 3 3 3 3 3 4
5 4 4 3 3 3 2 2 3 3 3 4 4 S
5 3 3 2 3 3 5
£4 4 3 3 3 2 2 3 3 3 4 4 £
4 3 3 3 3 3 3 3 4
£ 4 4 3 3 3 3 3 3 4 4 £
4 4 3 3 3 3 3 3 3 4 4
5 4.4 4 4 4 4 4 4 5
5 4 4 4 4 4 £ 4 4 4 4 4 3
£ £ 5 S £ 3 3 5
Fig. 11.
The springs were held in position by wooden strips placed in 
both directions and forming a pocket for each spring. The testing 
machine proper was constructed as in Fig.12 , The two hydraulic 
jacks"a"a", with their pistons seated in oil, transmitted the 
energy from the hand pumps thru the cap "c?( held down to the base 
of the machine by eight one and one half inch tension rods), thru 
the 24" I-beam"8J and the test piece "f", to the springs"g".
Since the deflection of the footing is small in comparison 
with the closure of the springs, the reaction of the springs can 
without serious error be considered as uniform.
The amount of pressure obtained from each jack was read directly 
from gages connected with the oil chamber of each £ump. The jacks 
with their respective gages were calibrated in the 600 000 pound 
Riehle Testing Machine at the Laboratory of Applied Mechanics.
The resulting calibration curves are shown on page 23. It was 
from these curves that the loads delivered per jack were taken 
for use in all calculations and discussions concerning the feests.
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DIAGRAM OF TESTING MACHINE.

In order that th® load delivered to the pier should he uniform,
a cast iron plate two inches thick and of the same cross section
as the pier, was laid in plaster of Paris upon the top of the pier,
and between this plate and a similar one, bolted to the large
I-beam just above it, a spherical bearing block was inserted. This
bearing block corrected any uneveness in either the footing or the
action line of the
superimposed parts of the machine, causing the^applied load to be 
vertical at all times. The photograph on pag@£8ehows the machine 
with a test piece in place, and the bearing plates adjusted on the 
top of the pier.
As failure due to slip of the reinforcement is an item to be 
carefully considered in investigating the advantages and disadvan­
tages of different methods of reinforcement, a device to measure 
slip at the ends of the rods was designed. The mechanism of the 
device depended on the presence of a fixed point at some distance 
in front of the ends of the rods and in the plane of their axes. 
This obtained, an extensometer could be placed between the fixed 
point and the end of the reinforcing rod and then any movement of 
the rod could be detected.
The principal of the design was carried out by equipping an 
Ames dial with a steel tailpiece, fixed to the dial case and 
turned to a tapering point at the outer end. Directly across the 
dial from this, a small bearing piece was attached to the dial 
case. A line drawing of the especially equipped gage head is shown 
in Fig.13 , also on page27 a photograph is shown of the instrument 
in place on a footing.
24
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On the under side of the hearing piece were two projecting, cone-­
shaped guide points.
In the footings which were to he investigated for slip of rein­
forcement, small steel rods were embedded in the concrete to a depth
of six inches, projecting from the face of the footing about six
-> A
inches, at a height of six'inches above the plane of the reinforce­
ment.
Cast iron hangers (photograph on page 27) provided with set screw 
so arranged that they could be clamped to the projecting rods, were 
designed to carry a bearing shelf, which could, by means of a 
screw clamp, be raised and lowered to the plane of the reinforcement 
Grooves were cut in this shelf in the direction of the axis of the 
reinforcement, to receive the cone points of the bearing piece at­
tached to the Ames gage head. By this arrangement, the instrument 
could be replaced time after time in the same position, allowing 
however, a movement of the cone points along the grooves as the 
slip occurred. The upper edge of the bearing shelf was ground to 
a smooth curvature.
Before the footings were placed in the machine, small holes were
drilled in the ends of the reinforcing rods to receive the point 
of the tail piece.
After the hanger was in place, the instrument was inserted as 
shown in the photograph, page 27, the pointed tail piece being 
firmly pressed into the drilled recess and the bearing piece on the
/o
gage head was let down inA place upon the hanger shelf. The correct 
position of the instrument was controlled by the cone points fall­
ing into the grooves. The plunger of the gage head extended just 
below the bearing piece, coming in contact with the curved surface 
of the hanger shelf, and moved forward to a definite position 
when the cone points were in their proper position. On repeating 
this operation after each increment of load, any slip in the rod 
would be accompanied by a corresponding change in the movement of 
the plunger. The amount of change or slip could then be read on 
the dial. The pointer of the dial indicated, with an accuracy of 
from .0 0 1 inch to about .0001 inch, the amount of slip.
Readings were taken at about every 20 000 pounds increase in 
load until a point was reached in the neighborhood of the ultimate 
load and at this point the increment was decreased to about 10000 
pounds, and in some cases to about 5000 pounds.
The graphs on pages 80to89 , plotted with loads as ordinates 
and the accompanying slip as abscissae, show the results of the 
readings taken upon the rods of the footing indicated by numbers 
and letters upon the small drawing at the lower right hand corner 
of the page, corresponding to the number or letter below the 
graphs.
26
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SPECIAL DEVICE FOR MEASURING SLIP OF RODS.

31a
BRIQUETTE TESTS OF UNIVERSAL PORTLAND CEMENT.
Table No. 2.
Each value is the average from five tests.
Loads are given in pounds per square inch.
Sample
No.
Date Neat 
7 days
Cement 
28 days
1-3 Mortar 
7 days 28 days.
1 Oct.25,’ll. 585 685 239 315
2 Nov.11,’ll. 577 694 225 297
3 Dec. 7,’11, 691 715 242 306
4 Dec.22,'11. 617 792 231 326
5 Jan.10,* 12. 588 672 246 333
6 Feb.12,’12. 612 758 253 323
7 Feb.28,'12. 698 884 287 372
Average * 624 743 246 325
Additional tests on this cement showed the initial set to occur
at 3 hr. 5 min. and final set at 6 hr. 32 min,. after mixing.
Seive tests showed 97.2% passing a No. 100 seive and 81.8% passing 
a No. 200 seive.
The cement tests were made according to standard methods by 
Mr.B.L.Bowling at the Cement Testing Laboratory, University of 
Illinois.
i
MECHANICAL ANALYSIS OF SAND. 1912.
Table No. 3.
Sieve No. Separation
Size
inches.
Per Cent Passing
3 0.28 100
5 .174 88
10 .091 54.3
12 .067 47.5
16 41.7
18 .043 32.9
30 .027 2 1 . 2
40 .019 13.3
50 .013 5.1
74 .009 2.7
150 1 . 0
Table No. 4
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MECHANICAL ANALYSIS OF STONE. 1912. 
Average of five samples.
Size of Separation Per Cent Passing.
Square size
Opening. inches.
1 - in. ------ 100
3/4 in.   9 5 . 5
1 / 2 in.   6 6 . 7
3/8 in.   46.3
No.3 0.280 25.9
No.5 .174 8.1
No.10 .091 3.4
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DISCUSSION OP TESTS.
The footings in this series of tests were made in the University 
of Illinois Concrete Laboratory, of machine-mixed concrete..
In the manufacture of all the footings, Universal Portland 
cement , Kankakee lime stone and clean, sharp, wellgraded sand 
was used. In conjunction with the manufacture of all the test 
pieces for the year 1911-12, briquettes were made of neat cement 
and of 1 - 3 mortar. The resultsof these tests and the average 
strengths at 7 and 28 days, of both the neat cement and the mortar 
are given in table 2, page31a. A mechanical analysis of the sand 
used in the process of making the footings is given in Table 3, 
page 31b.
The footings of this series of tests varied only with respect 
to size, anchorage, and distribution of reinforcement. This plan 
was followed with the hope of settling some disputed points as to 
the best arrangement of reinforcement and to obtain further inform­
ation on the extent to which bond stresses should control design. 
Two footings of each kind were tested.
The percentage of reinforcement was practically the same.
Either eight 5/8 inch bars, or twenty-two 3/8 inch bars were used. 
The percentage in the former case being .409 and in the latter 
case, .405. The general dimensions of all, were the same, as 
shown in Fig. 10,page 19.
The distribution of reinforcement is shown in red, on the plans 
and elevations of the individual specimens, page 44 ,to page 61 .
The cracks as they appeared during the test, are shown also on
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the same drawings.
One of the most striking features of the series of tests, is 
the fact that all the footings can he grouped under two separate 
and fairly distinct heads with regard to the failure cracks shown 
in the top faces of the footings. In one group, are those with the 
cracks running approximately along the diagonal, the cracks extend­
ing from somewhere near the corner of the footing to the same 
relative corner of the pier. The second group includes those in 
which the failure cracks extend from somewhere near the center 
of each face of the pier and run approximately along the center 
line to the middle of the side of the footing.
In the first group, that with the cracks along the direction of 
the diagonals, are footings,No. 1833 and 1834, and Nos. 1835 and 
1 8 3 6. In footings Nos. 1833 and 1834, the reinforcement was 
twenty two three-oighth inch rods, in the outer two fifths, and in 
the second pair, the reinforcement was twenty-two three-eighth inch 
rods in the outer three fifths.
It is also interesting to note that the tendency of the cracks 
to follow the diagonal, is shown more clearly in the first pair, 
where the reinforcement lay nearer the outer edge than in the 
second pair, where the hand of reinforcement was wider.
The average maximum load carried hy the pair with the reinforce- 
ment in the outer two fifths, was 133 000 pounds, while the 
average maximum load carried hy the pair with the reinforcement 
in the outer three fifths, was 197 350 pounds. The failure in all 
four footings, appears to have heen a hond failure. The average 
age of these four footings was seventy days, the extremes being 
seventy six and sixty six days.
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The second group as classified in this discussion, embracing 
| those footings in which the failure cracks tended to run in the 
directions of the center lines, covers the remaining ten footings.
The footings of this group do not all show the characteristic 
cracks as plainly as did those of the first group. The pair of 
footings varying the most from the leading characteristic of this 
group, is the pair reinforced with five-eighths inch corrugated 
rods, uniformly spaced. The average maximum load carried by this 
pair was 248 000 pounds, which is 11.7$ more load than the average 
carried by any other pair of footings.
Failure in the case of both footings of this pair was sudden 
and the cracks on the upper face were wide ruptures. In both inst­
ances, the more prominent crack was in the east and west direction, 
which was the direction of the upper band of reinforcement in 
both cases. The crack in both cases included the east and west 
center line of the footing. The second test piece of the pair, 
however, cracked from the north face of the pier to the north face 
of the footing along the center line in that direction. In 
addition to this, one portion of the widening rupture extended in 
a diagonal direction toward the southwest corner of the footing, 
as shown on page 58.
The other pair of footings in the second group, varying in 
appearance at failure, somewhat from the distinguishing feature of 
the group, is the pair, Nos. 1831 and 1832. The reinforcement in 
these footings, was eight five^eighths inch rods, seven and one 
half inches center to center and uniformly spaced. Altho the cracks 
follow in a general way, the direction of the center lines, they 
also show a tendency to extend in the direction of the diagonals,
indicating that they have some of the characteristics of "both 
groups. The average maximum load carried hy this pair of footings, 
was 175 500 pounds.
The first specimen of the pair Nos. 1837 and 1838, shows a very 
peculiar set of cracks. Altho they are approximately parallel to 
the center lines of the footing, they extend from near the south 
east and north west corners of the pier. The cracks extending 
toward the south and east and those extending toward the north and 
west, "being continuous, making therefore an angle of approximately 
ninety degrees at the point of change of direction. This pair 
of footings was reinforced with twenty two three-eighth inch rods, 
all in the inner two fifths of the footing. The average maximum 
load for this pair was 219 250 pounds.
The pair of footings reinforced with eight five-eighth in.rods 
looped in the vertical plane, show very clearly the characteristics 
of the second group. The average maximum load carried "by this pair 
was 194 500 pounds.
The pair of footings, Nos. 1839 and 1840, was reinforced with 
eight five-eighth inch rods, per "band, looped in the horizontal 
plane, as shown on page 38, and the failure cracks are typical of 
the second group. The average maximum load carried "by this pair 
was 196 250 pounds.
The average of the maximum loads carried "by all the footings 
which showed decided failure cracks along the diagonals of the 
footing was 140 200 pounds.
The average of the maximum loads carried "by the footings which
showed failure cracks along and in the direction of the center
*
lines of the footings, excluding the footings reinforced with 
corrugated bars, was 196 300 pounds.
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As described in the above discussion, there were three pairs 
of footings having reinforcement arranged so as to effect a mechan­
ical bond. These pairs were those with corrugated rods, those with 
bars looped in the vertical plane, and those with the rods of each 
layer all in two pieces and looped in the horizontal plane. The 
rods in these instances were of the same diameter( five-eighths in.) 
and the spacing was uniform thruout the footing. The average of 
the maximum loads carried by these footings was 212 900 pounds.
The ranking as to maximum load is, first, the footings with 
corrugated rods, with an average of 248 000 pounds; second,the 
footings with the rods looped in the horizontal plane, with an 
average load of 196 250 pounds; third, the footings with the rods 
looped in the vertical plane, with an average load of 194 500 
pounds.
The largest average maximum load carried by any pair of footings 
not supplied with mechanical bond,was 219 250 pounds, which is the 
average of the footings reinforced with twenty two three-eighth 
inch bars in the inner two fifths of the footing.
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The ranking of the pairs, according to the average maximum load 
carried by each pair, from the highest to the lowest load carried 
is as follows:-
1 . Footings with 8-5/8" corrugated rods per layer,uniformly spaced
2 . tt ft 22-3/8" plain rods per layer , inner 2/5 footing,.
3 .
tt ft 22-3/8" ft tt tt ft outer 2/5 "
4 .
it ft 8-5/8" ft ft ft ft looped in horizontal 
plane
5. w ft 8-5/8" ft tt ft ft " " vertical
plane
5 . tt ft 8-5/8" ft tt ft ft uniformly spaced
7 .
tt ft 22-3/8" tt ft ft ft outer 2/5 footing.
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A comparison of the average load carried by the footings rein­
forced with twenty two three-eighth inch rods in the inner two- 
fifths of the footing and the average load carried by the footing 
reinforced with the same number and size rods, placed in the outer 
two-fifths of the footing, shows that the footings with the rods 
in the inner two-fifths, carried on the average , 39.5$ more load 
than when the same reinforcing was placed in the outer portions 
of the footing.
The footings reinforced with corrugated rods,.carried an average 
load of 39.2$ more than the footings similarly reinforced with 
plain bars.
It is significant to note also that the footings reinforced 
with twenty two three-eighth inch rods per layer in the inner 
two-fifths, carried an average maximum load, 10,5$ greater than 
the average carried by the footings with t,he same percentage of 
reinforcement, with the steel looped in the horizontal plane, and 
1 1 .5$ more than the footings reinforced with the same percentage 
of steel looped in the vertical plane.
Another feature worthy of notice, is that the footings rein­
forced twenty-two three-eighth inch rods placed in the outer 
three-fifths, carried a maximum load which was 32.5$ greater than 
the average maximum load carried by the footings reinforced with 
the same kind and amount of steel, but placed in the outer two- 
fifths, instead of the outer three-fifths of the footing.
The average bond stress developed in the footings reinforced 
with rods which afforded a mechanical bond was 362 pounds per 
square inch.
The average bond stress of the footings reinforced with rods, 
not designed for mechanical bond was 216 pounds per square inch.
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In manufacturing the footings of this series, one specimen of 
each pair was made, thruout the series "before any mate to a 
proceeding footing was made. The series is therefore divided into 
two groups with respect to time of manufacture, a representative 
from each group, composing the various pairs. In each pair there 
is one footing made during the early periods of manufacture, and 
one made during the later periods of manufacture.
In the main table, pages 29 to 31 ,'the pairs are given in order, 
according to the date of testing the first specimen of the pair.
Comparing the maximum loads carried by the specimens of any 
pair, it is seen that in all cases, the specimen manufactured last, 
carried the greater load.
The strength of reinforced concrete has been found to depend 
upon several factors, the most important of which are; variations 
in the component parts of the concrete, amount of reinforcement, 
methods of mixing and conditions to which the concrete is subject 
during the period of setting.
.o In the footings under consideration, the component parts of
\
the concrete were, as far as it is possible to secure such condit­
ions, of the same proportions and quality. Approximately the same 
percentage of steel was used in all the footings, and the mixing 
was all done in a mechanical mixer.
The factor, affecting the ultimate strength, which remains to 
be investigated, is the climatic conditions during the time of 
setting of the concrete. Altho other conditions arising during 
the period of setting, might have affected the strength of the 
concrete, it was impossible to study all conditions carefully in 
so brief an investigation.
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Thruout the process of manufacture and during the time of sett inf; 
and testing of the footings, a temperature record wa3 kept in the 
concrete laboratory, where all the work was done. The temperature 
wa3 taken each morning at 7 o'clock and each evening at 5 o’clock.
The summary given below shows the average temperatures, both 
for 7 o’clock A.M.,and for 5 o’clock P.M., for the period extending 
from the time of manufacture to the time of testing each specimen.
Pair
Mo.
Footing
No.
1889.
1840
V.
r
1831
/832
J833
<
1834
K.
lemperaturej.
D e g r e e s , fT
Period  o f 
Setting
Jan 9 Jive rage Mornmg. 33.
Mar. 18. A^verage Aftern
fe b 12. Average Morn/ng.
Apr. / 7. Average A fter noon.
Jan. //. ^
t o
Mar 20.
Average Morn/ng 
Average Afternoon.
2 . Average
Apr. 15. A^verage Afternoon
6 6 k
66
59
59k
64i
63k
Jan IS.
*Mar 2!.
Jan. .
aApr.
Average Morn/ng 
Average Afternoon 59
Average Morning 62 
Average Afternoon. 62k
Footing Period o f 
Mo. Getting.
40
183*5.
1841.
1848.
1843.
/844 .
/837.
Te mp<zra/ur<z5. 
JJsgree^  F.
1838.
Jon .
t o
Pierage Morn/ng. <3 0 a
Apr. 5 . yiveroge Afternoon 5 1 a
I < 5 3 6 .
Jan. 51.
t o
Apr. 6.
Average Morn/ng59a
Average Afternoon. 58a
Jan . 25. Average Morning 
Apr. -5.Average Afternoon
Feb.
to
Apr i5.
Average Morn/ng. 
Average Afternoon
Jan. 25. Average Morn/ng. 
Apr. <5. Average Afternoon.
Average Morn/ng? 
Average Afternoon.
Jan. /8-
to
Average Morn/ng 
Apr. A. Average Afternoon
[Feb.
< to
/
Apr. 10.
Average Morn/ng 
Average Afternoon
<52.
6 0 .
65
65a
62
60
65%
6 Ai
6 o
6 o
63.
62/,..
41
1
$
280^
40
20
P / o t t e d
T ia x/m o /m  toacf<5, cindm  
/ h / e ra y e  T
T Ju r/n y  P<zr/od o f  Serft/ny
/ T ^ y  to  fRe/n fo rc e rn e n f:-
J M |  Co r r u g a f e d  Pods. 
p f i i / ? o c / t 5  looped m vertical plane.
t ' F t ^ P  horizontal i f t j f f l  
•  Rods plain, uniform 
& Reinforcement m outer . y f f m  
®  Reinforcement jcsinner § .  
“ T *  Reinforcement « outer s  ■
Laboratory Temperatures rn Degrees fdhrenhe/t
si 52 55 34 65 Co 65 ~fO
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From the proceeding table, it is seen that in every case except 
one, the average morning and afternoon temperatures for the period 
during which the second specimen of each pair was attaining a se£, 
are higher than the average temperatures for the period during 
which the first specimen was attaining a set. It is reasonable 
therefore to assume that the temperature was one factor at least 
which determined the ultimate strength of the footings of this 
series.
The graphs, pages80 to 89, showing the slip of the reinforcing 
rods, indicate that in the majority of the cases, there was a 
noticeable slip in the very early stages of the loading,, and from 
this point on, until the neighborhood of the maximum load was 
reached, the rods seemed to hold more or less consistently.
The most general slipping of reinforcement in the footings 
especially equipped with the slip measuring devices, occurred in 
footing No. 1836. This footing was loaded twice. During the pro­
gress of the first loading, the pier failed and the load was re­
moved. The test was continued after the original pier had been 
removed and a cube of well cured concrete put in its place. Slip 
was measured during both loadings. The rods which showed the 
greatest slip during the first loading, showed a slip too great to 
be measured during the later stages of the second loading.
The rods nearest the outer edges of the footing show very little 
slip compared with the slip of the rods nearer the center of the 
footing. The reinforcement in this case was in the outer three- 
fifths of the footing.
The graphs for the other footing of this pair, No. 1835,show a 
decided slip of four of the rods. The rods showing slip are ,in 
this case also, those nearest the center.
In the case of the pair of footings where the reinforcement 
was placed in the outer two-fifths, only one of the specimens was 
equipped with the slip measuring device. The rods showing the 
greatest slip in this case, were , as in the preceeding discussion, 
those near the center of the footing. Specimen No. 1832.
The graphs for footing No. 1844, which was the second specimen 
of the pair reinforced with corrugated rods, show a decided slip 
in two of the rods. It will he noted however, that neither of these 
rods showed any slip until after a load greater than the average 
maximum load of the entire series, had been reached.
The diagram of this footing, on the same page with the graphs, 
shows that the two rods which slipped were those thru which the 
branching crack, running to the front face, extended. These rods 
were also those nearest the center of the footing.
The remaining footings which were investigated for slipping of 
reinforcement, show no evidence of extensive slip in any of the 
rods.
43
44
r z ---- r — ---1 ~-----  1
coi OOl £1 
OOSCPlH-X
G!r\j
*
(*
r
g
3
Specimen No. 1839.
Age 69 days.
Maximum Load 191500 pounds.
Manner of Fail\xre. Diagonal Tension.
There were no measurements for slip taken. At failure, the 
crack , first observed,on the north face began to open rapidly and 
then failure came suddenly. The bottom broke away along the plane 
of the reinforcement. There was a large crack from top to bottom,
breaking the specimen into three pieces. At a load of 172000 
pounds, the springs showed a deflection of one and a half inches.
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Specimen No. 1840.
Age 65 days.
Maximum Load 201000 pounds.
Manner of Failure. Diagonal Tension.
The ultimate load was held hy the footing for about thirty 
seconds, before the failure occurred. A deflection of about three 
quarters of an inch could be seen in the top of the footing. The 
northeast corner of the pier started to crumble and it seemed to 
be sinking, just as the pier punched thru.
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Specimen No. 1831.
Age 69 days.
Maximum Load 159600 pounds.
Manner of Failure. Bond.
No measurements for slip were taken. At a load of 153000pounds, 
the springs were deflected one and a quarter inches. The cracks 
first observed on the north and south faces opened gradually.
All cracks were practically vertical. There was no evidence of slip 
of the rods. Failure was not violent.
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Specimen No. 1832.
Age 73 days.
Maximum Load 191500 pounds.
Manner of Failure. Bond.
Under the ultimate load, the double curved surface could be 
seen. The pier gradually went down and several cracks were seen to 
open gradually. Rods on all sides could be seen slipping, and the 
ultimate slip of some of the rods was as much as three quarters of
an inch
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Specimen No.1833.
Age 66 days.
Maximum Load 113300 pounds.
Manner of Failure. Bond.
No measurements for slip were taken. Before any cracks appeared 
in the specimen, the central pier failed. The wrecked pier was 
removed and in its place a twelve inch cube about four years old 
was set in plaster of Paris and after the plaster had set, the
test proceeded.
Failure took place quite violently about twenty seconds after 
the pumps had been stopped to take observations for cracks. The 
main cracks observed after the failure, were where none had been 
apparent during the test.
Gutting away the concrete at the corners showed that the rods 
at the north end of the east face had slipped about half an inch, 
and those at the north end of the west face had slipped about 
three eighths of an inch. No other slip was noticeable.
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increase in size at failure. The failure cracks as shown, were 
practically vertical, extending thru from the top to the bottom 
surface of the footing.
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Specimen No. 1835.
Age 76 days.
Maximum Load 183700 pounds.
Manner of Failure. Bond and Diagonal Tension.
The cracks whirh occurred at ultimate failure were not observed
before failure. There was a stripping action along the plane of
the reinforcement. The failure was gradual, rods could be seen
slipping, as the cracks began to open. All rods slipped from 1/4 
to 1 / 2 inch, under ultimate load.
Specimen No. 1836.
Age 66 days.
Maximum Load 211000 pounds.
Manner of Failure. Bond.
In striving to reach a load of 211000 pounds, the nuts on the 
east rods of the west cap were stripped from the rods and the 
jack was thrown violently from "beneath the cap. The energy in 
the springs, suddenly released, threw the footing about six inches
54
into the air, and disarranged the spring "bed.
Before being loaded the second time it was noticed that the 
cracks due to the first loading, had become almost invisible.
The failure was gradual. The largest crack which had appeared 
before failure, extended thru the end of the rod which had shown 
the greatest slip, prior to the last increment of the load.
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Specimen No. 1841.
Age 71 days.
Maximum Load 186000 pounds.
Manner of Failure. Diagonal Tension.
There was no provision for reading the slip as the reinforcement 
consisted of rods looped in the vertical plane. The first cracks 
observed opened up to about l/l6 inch, just before failure. The 
pier pushed down thru, shearing diagonally on all sides, at an 
angle of about 45 degrees.
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Specimen No. 1843.
Age 71 days.
Maximum Load 227000 pounds.
Manner of Failure. Bond and Diagonal Tension
This specimen was reinforced with 5/8 inch corrugated Pars of 
high carbon steel. The rods did not show any tendency to slip. 
The rods of the top layer were in the east and west direction. 
Failure was quite violent. The pier punched thru the footing 
as shown in the photograph on page 73.
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Specimen No. 1844.
Age 67 days.
Maximum Load 269000 pounds.
Manner of Failure. Bond and Diagonal Tension.
Altho reinforced with corrugated bars, the bars ending in the 
north face could be seen to be slipping slightly at the ultimate 
load. The footing failed violently, after having held the ultimate 
load for about forty seconds.
59
§ s
2 3_7
Specimen No. 1837.
Age 77 days.
Maximum Load 191 500 pounds.
Manner of Failure. Bond and Diagonal Tension.
The dial for detecting slip of rods was used on this footing. 
When a load of 162 000 pounds had "been reached, the pier failed 
and was replaced by an old one of the same size, bedded in plaster 
of Paris, as in the preceding test. After the pier failed and the
I__________ _ _____
load was removed, the cracks in the footing closed up until they 
were barely visible.
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In the second test, the footing held the load for about thirty 
seconds after the pumps were stopped, and then the failure was 
sudden and complete.
The rods numbered as below showed too much slip to be measured 
by the instrument, Nos. 3-4-5-a-b-c-d-e-6-7-0-9-10-f.
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Specimen No. 1838.
Age 69 days.
Maximum Load 247 000 pounds.
Manner of Failure. Diagonal Tension.
Only four cracks appeared during the test, one practically in 
the center of each face. There was no slip of rods until the moment 
of failure, then practically all the rods slipped. The footing 
broke into four pieces and the pier sheared thru the footing at an 
angle of about 45 degrees in all directions.
vj'Summary of Reinforced Concrete1312.. Column Footing Te^ts.
footing for-Cent Reinforcing R  o d e D a le A ge Maximum Maximum C a lc u la te d  S tre s s e s m O o u n d s D e r s q u a re . m c h . M a n n e r  o f C u b e  Te s ts .
No. o f R e m - /dumberper k m Size D is tri b u tto n . Made. Tested.
at
Test.
Load m  
pounds.
Momentm 
bound-inches.
Tension 
tn FulUA/idfh.
in steel.
Ln Effect Width
Vertical Shear 
at face.of Pier
Bond Stn 
In.Full Width
?S5 usingY  
Tn Effect Width
Vertical 5hea 
at d' from P/er.
Bond 5fre. 
In Full Width
ss using Y  
InEffect Wtai R a ilu  re . d g e - 5tm.ngfhlbs. Der so m.
1859 0 .4 0 9 8 * 7 / cen ter to center Jan. 9 Man 8 69davs 191500 625000 28 400 3 7800 I 59.0 3 25.0 434.0 143.0 2 92.0 3  8 8 .0 Diagonal Tenc/on 73days
r r—
2  7/Z5
!8 4 o n .409 8 * a ll m tw o pieces. Feb. 12 Apn 7 65 " 2 0 / OOO 6 5 6 OOO 29 800 39 700 1670 3 4 2 .0 455 .0 14 9.0 3  06.0 4 0 7  0 Diagonal Tension 98 " 3 2 3 5
183 1 0 .4 0 9 8 A F 7A  center to center Jan.ll Mar.20 69 " 1 6 1  0 0 0 5 2 5 OOO 24 200 32 2 0 0 134.0 2 74.0 3 65.0 / 1 9 0 2 4  4.0 3  28.0 R o n d . 71 " 2  6 Pn
1832 0 .4 0 9 8 A L A uniform ly spaced. Feb. 2 Apr. 15 73 ' 191500 6 25 OOO 2 8 4 0 0 3 J8 0 0 1590 3 25.0 4 3 4 0 / 43 .0 2 9 2 .0 3 8 8 .0 R o n d . 108 " 3 1 0 0
1833 0 .4 0 5 22 A  <t
!q center to cen ter 
&II /fi fh& out&r Jan/5 Mar.Z /
66  * 113 300 369 700 16 750 310 00 95.0 I 1 7 0 2  58.0 8 4 0 / 0 4 0 2 30.0 B ond. 6 7 " 2 5 0 0
1834 0 .4 0 5 2 2 r * % o f  fh e  footing. Jon 23 Apr. 6 7/ * 152 700 498 400 2 2  600 41 800 1270 / 5  7.0 3  45.0 / / 3.0 14 1.0 3  08.0 3 o n d IIS  n 3 2 4 0
1833 0 .4 0 5 22 a y
1 A  center to center Jan.2o Tpr.S 76 " 183 700 599 600 2 7 2 .0 0 43 000 / 53.0 1 89.0 2 9 7-0 / 35 .0 I 6 8 .0 2  65.0 Bond <jr jD/ay. Tens. G 1  ' 8  085
1 856 0 .4 0 5 2 2 A t J  o f  the footing. Jan 31 Apr. G 69 ■' 21 2 OOO 6 9 2 OOO 3 1 4 0 0 49 700 1 7&.o 2  1 8.0 342.0 I 5  6.0 193 .0 3 05.0 Bond. I IS  " 3 4 / 0
/ 841 0.40 9 8 A L A 7 f  cen ter to center Jan 25 Apr. 3 Z LTD 186 OOO 6 0 7 10 0 27 600 36 700 155.0 3 1 7  0 4  2  2.0 / 3 8.0 2  8 2 .0 3  76 0 Diagonal lens/on. H 6  " 2 755
/842 0 .4 0 9 8 A  t
Looped in Vertical plane.
Feb. S Abr./S 70 • 203 OOO 662600 30  OOO 4 0  OOO 170.0 3 4  5.0 4  6 0 0 / 50.0 3  / 0.0 4 1 2.0 lens ion £  D/ag. Tens. I OS " 3  050
1843 0 .4 0 9 8  * A t 7A cen ter to center Jan. 25 Aar. 5 71 m 227000 740 900 33 7 0 0 4 5  OOO 189 0 3 8 6 .0 5  13.0 1 6 8 0 3 4  6.0 4  6  0.0 Bond c£ JD/ag. Tens. 1 16" 3 5 8 0
1844 0 .4 0 9 8  * 4
Corr ugated  R od s  
Uniformly s p a ce d Feb. 8 A a n  5 <ML 269000 878 0 0 0 39 8 00 53 OOO 224.0 4 58.0 6  10 .0 / 9 9.0 4  0  8 0 5 4 4  0 Bond £  D/ag. Tens. 10 2  " 3 6 3 0
1837 0 .4 0 5 22 % $
I f  center to  center
o il  /A? fho  //7OGf Jan 18 Apr 4 77 " 191 500 625000 2 8 4 0 0 28 4 0 0 1 59 0 / 9 70 19 70 I 43.0 1 7 7 0 I 7 70 Bond £  D/ag. Tens. 74 " 8  62 5
1838 0 .4 0 3 22 A * § o f  the fo o fm g . Feb / Apr./o 69 * 247000 8 0 6  2 0 0 3  6  600 36 600 2 0 6 .0 2 54.0 2 5 4 0 184 .0 2 2  7 0 2 2 J.0 D/acjona/ Tension 109" 3 7 / 0
Notes —
Reinforcing rods placed in fw o bands 
of righ t angles to each other and  
parallel to the sides o f fhe footing. 
D ata of the reinforcem ent refers to 
reinforcem ent m each d /re ch o n .
* Rods bent thus :— I  High Carbon Sheet
/III others M ild  Steel.
* A ve ra g e  for Three Cubes. 6”*6’*6‘
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CONCLUSIONS.
The conclusions and deductions drawn from this series of tests 
are limited and stand open for revision, due to the fact that only 
two specimens of each type were tested.
Prom the close relation that the specimens of each pair bear 
to each other, however, the following deductions are made from 
this series of tests.
1. Footings reinforced thruout their central portions are 
capable of sustaining greater maximum loads than similar 
footings with the same number of identical rods spaced in the 
same manner, but placed in the outer portions of the footing.
2. When the reinforcing rods are looped up in the vertical 
plane at their ends, the strength of the footing is increased 
about ten per cent.
3. Footings reinforced with uniformly spaced corrugated bars 
proved to be stronger than the footings reinforced in any 
of the other various ways employed in this series.
4. Footings reinforced with the same number of bars of the 
same diameter and tensile, strength, are approximately equal in 
strength when the rods are looped in the vertical plane and 
when the rods are looped in the horizontal plane to form
two sections per layer of reinforcement.
5. Footings reinforced with corrugated bars carried 55 % more 
load than the footings reinforced with the same number of 
plain rods of the same diameter.
6. The greatest slips recorded were in the rods lying near 
the central portions of the footings.
7. The footings reinforced with rods which offered means of
mechanical bond carried greater loads before any sign of 
failure occurred, than the footings reinforced with plain 
bars,
8. Failures of footings reinforced with rods affording 
mechanical bond, were sudden and violent.
9. The strength of footings attaining their set during the 
periods of higher temperature,proved to be greater than that 
of the footings attaining set during the periods of lower 
temperatures.
10. The results obtained from this series of tests conform 
closely to the theory and methods of analysis of reinforced 
concrete column footings as given in Professor Talbot’s
manuscript bulletin.
I
